Aims-We tested the hypothesis that body fat percentage determines cardiac sympathovagal balance in healthy subjects.
Introduction
Heart rate variability analyses are a popular means to assess autonomic modulation (Lucini et al. 2002) which make it possible to differentiate a wide variety of conditions with common autonomic etiologies (Vanninen et al. 1996; Narkiewicz et al. 1998; Salo et al. 2000; Gutierrez et al. 2002; Pichon et al. 2004) . The use of time domain measurements to delineate autonomic modulation of the heart rate is useful because time domain measures do not require the rigorous acquisition and analysis criteria, i.e. stationarity, when compared to frequency domain analyses. Previous studies have shown correlations between increments in vagal signaling, time domain measurements and high frequency heart rate variability spectral power during paced breathing (De Meersman et al. 1995; Sanderson et al. 1996; Badra et al. 2001) . However, the significance of increments in low frequency spectral power during paced breathing remains unclear. We have reported a positive correlation between the respiratory quotient and the low frequency/high frequency ratio of heart rate variability spectral power, measured during paced breathing at 0.2 Hz, in healthy males possessing a wide range of body fat (Millis et al. 2009 ). Although body fat percentage may be an important determinant of heart rate variability spectral power measured at rest (Nagai et al. 2003; Chen et al. 2008) , an earlier study reported no influence of body fat on heart rate variability measurements at rest, only during an autonomic challenge (Matsumoto et al. 1999) . Because body fat percentage and paced breathing at 0.2 Hz may affect low frequency and high frequency spectral power independently, we hypothesized that paced breathing at 0.2 Hz could mask the physiological relationship between body fat percentage and heart rate variability measures of autonomic modulation. We, therefore, performed this experiment to determine the effects of paced breathing and body fat percentage on time and frequency domain measures of heart rate variability in healthy adolescent/young adult AfricanAmerican males.
Materials and methods

Study participants and design
This experimental protocol was approved by the Howard University Human Participants Institutional Review Board, and each subject provided informed consent. A study population of 10 healthy 18-20 year-old African-American male university students was recruited and 8 subjects were included in the experiment. Each subject was studied twice, on separate days. An unsupervised, self reported period of overnight fasting (mean ± SD 12 ± 2 h) was used to limit the potentially confounding effects of diet related differences in autonomic responsiveness that we have described (Millis et al. 2009 ). Two subjects were excluded because of inadequate fasting as determined by respiratory quotient measurements >0.85. Other criteria for inclusion in the experiment were non-smoking status, absence of alcohol abuse (less than two standard alcohol drinks a day), absence of use of medication that could interfere with autonomic modulation, resting systolic/diastolic blood pressure <140/90 mm Hg. Table 1 summarizes the relevant characteristics of this experimental group. The respiratory quotient indicates utilization of fatty acids as the main energy substrate and the low frequency/high frequency ratio shows a predominance of vagal modulation of the heart rate.
Uncontrolled and paced breathing
The subjects were instrumented and instructed as to the experimental procedures. Subjects were instructed to breathe normally while lying recumbent at 45° in a bed of the General Clinical Research Center (GCRC) at Howard University Hospital. Following the normal uncontrolled breathing protocol, subjects were instructed to perform 5 min of paced breathing by following a visual tracking image on a computer monitor for periodic durations of inspirations and expirations set to 12 breaths min −1 (0.2 Hz). Each subject practiced paced breathing for a period of 1-3 min and was then instructed to perform the paced breathing for the 5 min paced breathing trial during which time the electrocardiogram signal was recorded using a Biopac MP100 data acquisition system (Biopac Systems, Santa Barbara, CA). The electrocardiogram electrodes were placed on the subject's chest in a standard three-lead position with recordings obtained from standard lead II.
Heart rate variability analyses
Heart rate was measured in beats min −1 and vagal modulation of heart rate variability in the time domain was measured as the standard deviation of all normal-to-normal standard electrocardiogram inter-beat intervals (SDNN). Time domain heart rate variability, measured as standard deviation of the RR intervals, was expressed in ms and was computed using data acquisition and analysis software specifically designed to measure heart rate variability in time and frequency domains. Fast Fourier transform analysis of the electrocardiogram RR intervals was used to spectrally decompose heart rate variability in the frequency domain. For the frequency domain analysis, vagal modulation was represented by the area under the high frequency power spectrum (HF: 0.15-0.4 Hz) and low frequency (LF: 0.04-0.14 Hz) expressed as the power in raw ms 2 and in normalized units using specialized autonomic neural software (Nevrokard, Version 6.3, Ljubljana, Slovenia).We used the low frequency/high frequency (LF/HF) ratio of heart rate variability power as a measure of cardiac sympathovagal balance. Although this concept has received some criticism (Eckberg 1999; Badra et al. 2001) , it is generally accepted that high frequency power measures vagal respiratory components; whereas, low frequency power measures sympathetic and various non-respiratory vagal inputs to heart rate variability (Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology 1996). All time and frequency domain analyses were carried out in accordance with the guidelines put forth by the Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology (1996) . The very low frequency band (0.001-0.04 Hz) was ignored because, according to the Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology (1996) guidelines, contribution of this frequency band may be too small to be a reliable indicator during short-term recordings.
Anthropomorphic, cardiovascular and metabolic measurements
Body weight and height were measured (Detecto scale) and these values were used to compute body mass index as the quotient kg body weight/m 2 height. Blood pressure was determined using an automated sphygmomanometer (Criticare Systems Model 506DXNT, Waukesha, WI). To validate the effectiveness of overnight fasting, respiratory quotient and resting energy expenditure were measured by indirect calorimetry using an isolated flowdirected breathing chamber (Deltatrac, SensorMedics, Yorba Linda, CA). The participants were taken to the Howard University Exercise Science Laboratory for an assessment of the body fat percentage measured by dual energy x-ray absorptiometric (DEXA) whole body scanning (LUNAR Model DPX-L DEXA, Madison, WI).
Statistical analyses
The study design consisted of a comparison of measurements of resting heart rate variability during trials of uncontrolled versus controlled (paced) breathing at 0.2 Hz in 8 subjects studied twice (n=16). The significance of differences between the uncontrolled and paced breathing trials was evaluated by analysis of variance using a multivariate general linear model with significance set at P<0.05. A correlation analysis between the heart rate variability and body fat percentage measurements after overnight fasting was based on linear regression and Pearson's correlation coefficient during the uncontrolled versus the paced breathing trials with significance at P<0.05. A statistical software package was used for the computations and analyses (SPSS, Chicago, IL). Table 2 summarizes the heart rate variability data and Table 3 presents the correlations between body fat percentage and heart rate variability for the uncontrolled breathing and for the paced breathing trials. The low frequency power was significantly greater during the paced breathing than during the uncontrolled breathing trial (P<0.05). The differences for heart rate were not significant and for SDNN and total, high frequency and low frequency/ high frequency ratio of heart rate variability spectral power measured during the uncontrolled versus the paced breathing trial were marginally significant (P=0.1-0.2), showing a trend toward greater low frequency/high frequency power during the paced breathing trial.
Results
The correlations between body fat percentage and all the heart rate variability measures of sympathovagal balance were significant for the uncontrolled breathing trial. Only the correlation between body fat percentage and total spectral power was significant for the paced breathing trial. The correlations between body mass index and the heart rate variability measures of sympathovagal balance were not significant. Fig. 1 graphically depicts the results of the linear regression analysis showing the significant negative correlation between the percentage of body fat and the low frequency/high frequency measurements of sympathovagal balance for the uncontrolled, but not for the paced, breathing trials.
Discussion
One of the aims of this experiment was to show the effects of paced breathing at 0.2 Hz, compared to uncontrolled breathing, on time and frequency domain measures of heart rate variability ( Figs. 1 and 2) . The results showed a marginally significant trend for paced breathing at 0.2 Hz to increase heart rate variability in the time domain, measured by SDNN, and to shift sympathovagal balance, measured by lowfrequency/high frequency spectral power, toward greater sympathetic activity. Because of the respiration-related variability (respiratory sinus arrhythmia) of electrocardiogram inter-beat (RR) intervals, the necessity of controlling respiratory frequency during measurements of heart rate variability has been demonstrated (De Meersman et al. 1995; Sanderson et al. 1996; Badra et al. 2001 ). Several mechanisms have been attributed to this observation, e.g., the respiratory sinus arrhythmia might be amplified due to increased tidal volume (De Meersman et al. 1995) . A higher low frequency/high frequency ratio of spectral power was also found during paced breathing. Detailed studies performed in a group of nine, predominantly male, healthy supine adults have shown that changes in low frequency power resulted from intrinsic sympathetic oscillations and that controlling respiratory frequency at 0.25 Hz, near to that of our subjects, had no significant effect on low frequency power (Badra et al. 2001) . In a group of ten normal supine and upright adults, respiratory frequencies controlled at 0.17 Hz, 0.25 Hz and 0.33 Hz modulated high frequency power but had no effect on low frequency power; however, the postural change supine to upright increased low frequency power (Sanderson et al. 1996) . Tidal volume is also reported to be a modulator of the heart rate variability spectrum by increasing high frequency power (Grossman et al. 2004; Pöyhönen et al. 2004) and 0.2 Hz paced breathing usually increases tidal volume (Pinna et al. 2006 ) which is what we observed visually in the actions of the respiratory muscles. Although our subjects were lying recumbent during both the paced and uncontrolled breathing conditions studied, it is plausible that sympathetic oscillations, akin to those associated with changing posture, may have systematically increased low frequency power and brought about a higher low frequency/high frequency ratio of heart rate variability spectral power during paced breathing. Such modulation of low frequency power has been shown to occur in association with an increased respiratory rate during conditions of mental stress (Bernardi et al. 2000) and could have occurred in the present experiment because of differences in tidal volumes during the paced breathing and/or because of differences in respiratory frequency during the uncontrolled breathing trials. One of the limitations of this study is the absence of tidal volume and respiratory frequency data for the paced and uncontrolled breathing trials. In the absence of such data, we cannot know whether the negative correlation between the percentages of body fat and the heart rate variability is because an obese person has faster respiratory frequency and lower tidal volume during the uncontrolled breathing. At the 0.2 Hz (12/min) paced breathing, tidal volume may have been, systematically, higher than during the uncontrolled breathing. The paced breathing may just have corrected the tidal volume variation between the high body fat and low body fat subjects. A future study correlating the body fat percentage with respiratory frequency and tidal volume will help to address this issue. In the absence of tidal volume data, we used paced breathing at 0.2 Hz to control for changes in respiratory frequency, the main modulator of high frequency spectral power. We found that the difference in high frequency power between the paced and spontaneous breathing trials was not significant. This finding suggests that the increase in low frequency power associated with paced breathing at 0.2 Hz is, likely, indicative of an increase in sympathetic, rather than a decrease in vagal modulation of the heart rate. We also found that the negative correlation between body fat percentage and low frequency/high frequency spectral power was significant only for the spontaneous breathing trials. These findings suggest that the effects of a greater low frequency power during paced breathing may have counteracted those of a lesser low frequency power associated with a greater percentage of body fat on the low frequency/high frequency measure of sympathovagal balance.
Another aim of this experiment was to demonstrate the relationship between percentage of body fat and time and frequency domain measures of heart rate variability. The results showed significant, negative correlations between the total and regional percentages of body fat (but not the body mass index) and the heart rate variability spectral measures of sympathovagal balance during the condition of uncontrolled, but not during that of 0.2 Hz paced, breathing. These findings suggest that, in healthy young adult males, the sympathetic activation produced by paced breathing at 0.2 Hz may mask the association of low sympathetic modulation of the heart rate with high percentage of body fat. In a previous study, we used paced breathing at 0.2 Hz to limit the variations in respiratory frequency which could contribute to differences in low frequency/high frequency heart rate variability spectral power and sympathovagal balance for differentiating the effects of metabolizing fat versus those of metabolizing carbohydrate (Millis et al. 2009 ). We designed this experiment to determine the correlation between percentage of body fat and sympathovagal balance. Interestingly, we found that body fat may have influenced the measures of sympathovagal balance oppositely to that of paced breathing. Whereas paced breathing at 0.2 Hz produced a marginally significant increase in low frequency/high frequency heart rate variability spectral power, an increased percentage of body fat was associated with a decreased low frequency/high frequency ratio. Hence, paced breathing at 0.2 Hz could have masked or otherwise obscured the relationship between percentage of body fat and the heart rate variability measures of sympathovagal balance. Consequently, the physiological relationship between adiposity and sympathovagal balance was found to be significant during uncontrolled breathing but not during paced breathing at 0.2 Hz.
The association of a low percentage of body fat and a shift in heart rate variability spectral power toward greater vagal modulation reported in this study may be similar to the association of shifts in sympathovagal balance toward greater vagal modulation during the ingestion of water in healthy young subjects (Routledge et al. 2002) . Our finding is in contrast to the association of a high percentage of body fat and a shift in heart rate variability spectral power toward greater sympathetic modulation observed in this study and shifts in sympathovagal balance toward greater sympathetic modulation reported in children, adolescents and adults after ingesting food and during orthostatic tilting (Piccirillo et al. 1998; Paolisso et al. 2000; Martini et al. 2001; Rabbia et al. 2003; Guízar et al. 2005; Kaufman et al. 2007a,b; Nagai and Moritani 2004) and in adult males studied after myocardial infarction (Piestrzeniewicz et al. 2008) . Low frequency/high frequency heart rate variability spectral power is an accepted measure of cardiac sympathovagal balance and it may also reflect the autonomic sympathetic-parasympathetic balance at skeletal muscle and adipose tissues. High body mass index appears to be associated with a shift in cardiac sympathovagal balance toward greater sympathetic activity with higher plasma leptin values, greater orthostatic responsiveness (Paolisso et al. 2000) and greater lipolytic activity (Berlan et al. 2002; Tentolouris et al. 2008) . In light of these associations, our present findings of a negative correlation between percentage of body fat, but not of body mass index, and sympathetic modulation suggest physiological adaptations favoring greater adiposity and a limitation to lipolysis and/or adipokinesis in apparently healthy young adult African-American males.
Conclusion
In summary, frequency domain measures of heart rate variability suggested a trend toward greater sympathetic activity during paced breathing at 0.2 Hz compared to uncontrolled spontaneous breathing in healthy adolescent/young adult males. These measures of heart rate variability, indicative of a shift in cardiac sympathovagal balance, toward greater vagal activity, were associated with a high percentage of body fat. Correlation of body fat percentage and heart rate variability during spontaneous breathing. Linear regression for percent body fat measured by dual x-ray absorptiometric (DEXA) whole body scanning and heart rate variability low frequency/high frequency power ratio (LF/HF) computed from fast Fourier transform analysis of the electrocardiogram RR intervals in normalized units measured during uncontrolled breathing for eight healthy 18-20 year-old African-American male university students studied twice (n=16). Pearson's correlation coefficient, r=−0.56, two-tailed P<0.05, one-tailed P<0.01 for uncontrolled breathing. Correlation of body fat percentage and heart rate variability during paced breathing. Linear regression for percent body fat measured by dual x-ray absorptiometric (DEXA) whole body scanning and heart rate variability low frequency/high frequency power ratio (LF/HF) computed from fast Fourier transform analysis of the electrocardiogram RR intervals in normalized units measured during paced breathing at 0.2 Hz for eight healthy 18-20 yearold African-American male university students studied twice (n=16). Pearson's correlation coefficient for controlled paced breathing at 0.2 Hz was not significant (r=−0.34). Table 2 Heart rate variability measures of sympathovagal balance. Values in mean±standard error, nu = normalized units, n=16.
N.S. = Differences between uncontrolled and paced breathing not significant (P=0.1-0.2).
* Differences between uncontrolled and paced breathing significant at P<0.05.
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Table 3
Correlations of heart rate variability and body fat percentage. * Statistically significant at P<0.05.
Heart rate variability measurements
